Introduction
============

Ovarian cancer is the third most common gynaecological malignancy and the leading cause of death in gynaecological cancers globally and the incidence has been increasing in the last decade [@B1]. Although the pathogenesis of the ovarian cancer is unclear, studies have suggested that changes in circadian rhythms such as bright light exposure may affect female reproductive physiology [@B2]. Night shift work is associated with higher risks of developing breast [@B3]-[@B5] and endometrial cancer [@B6]. Other studies also suggested that the season of birth may be an important environmental risk factor for developing endometrial cancer [@B7]. However, the mechanism of this association and whether season of birth is also associated with developing ovarian cancer remain unknown.

One of the speculations for this association is the reduction in production of melatonin by pineal glands. Melatonin a marker of circadian rhythms is an endogenously-produced lipid soluble hormone whose level changes with circadian rhythm. It has been proposed that melatonin is synthesized in mitochondria at high levels [@B8] and has multifaceted functions, including direct free radical scavenging. In addition to pineal gland, melatonin is also produced by the ovaries, regulating the function of the ovaries [@B9], [@B10].

Deficiency of melatonin is associated with the development of many cancers including gynaecological cancers [@B11], [@B12]. Supplementation of melatonin has a potential role in cancer prevention through its effects of antioxidant, antiangiogenic activity as well as its ability to modulate the immune system (reviewed in [@B13]). Recently *In vitro* studies showed that melatonin has an anti-proliferative effect and inhibits the growth of many cancer cells, including breast cancer, cervical cancer and ovarian cancer and melatonin has effect on controlling cell death [@B14]. In addition, a recent *In vivo* study showed that light exposure in the night suppresses the production of melatonin and consequently induces breast cancer insensitive to chemotherapy in rats with breast cancer [@B15].

The association between melatonin and ovarian cancer has not been fully studied. The reduction of melatonin levels impacts ovary morphology [@B16]. *In vivo* studies found that supplementation of melatonin decreases the weight of ovaries in the rat model [@B17] suggesting melatonin and its metabolites play a direct effect on the reproductive system of women by influencing the function of the ovaries [@B18]. Taken together these studies may suggest that there is an association between melatonin and the risk of developing ovarian cancer.

Therefore, we undertook this study to investigate the circulating levels of melatonin in women with ovarian cancer. We also investigated whether the season of birth is associated with developing ovarian cancer.

Material and methods
====================

This study was approved by the Ethics Committee of Wuxi Maternity and Children Hospital, Nanjing Medical University, China. All patient-derived blood samples and tissues were obtained with written informed consent.

Collection of blood samples
---------------------------

Blood samples from 96 women with ovarian cancer at presentation, and 40 healthy women, were collected by venepuncture into plain Vaccutainer^®^ tubes prior to any treatment between January 2012 and March 2014 at the Wuxi Maternity and Children Health Hospital of Nanjing Medical University of China. The blood was allowed to clot, centrifuged at 2500x*g* and the serum was aspirated and stored in aliquots at -80^0^C. Of these 97 women with ovarian cancer, 46 women were post-menopausal. All the blood samples were collected between 8:00-10:00am.The median age for women with ovarian cancer was 48 (range from 18 to 87) years old. Of 96 women with ovarian cancer, there were 59 women with epithelial ovarian cancer, 28 women with sex cord stromal and 9 women with germ cell tumour. The summary of clinical characteristics of 96 women with ovarian cancer for blood collection are summarised in Table [1](#T1){ref-type="table"}.

Study population for season of birth analysis
---------------------------------------------

In order to analyse the association between seasons of birth and the incidence of ovarian cancer, data on 277 women with ovarian cancer was retrospectively collected from Wuxi Maternity and Children Health Hospital, Nanjing Medical University of China between January 2008 and December 2014. Data included patients\' age, menopause age, date of diagnosis, subtypes of ovarian cancer and peritoneal metastasis. Peritoneal metastasis in epithelial ovarian cancer was identified by macroscopic examination during surgery, and subsequent histological examination of biopsies. Season was defined as winter (December through February), spring (March through May), summer (June through August), and autumn (September through November) based on the climate at Wuxi, China. Wuxi is located close to the East China Sea and it experiences subtropical climate (warm and humid) with four distinct seasons. The duration of sunshine is 9, 16, 6 and 5 hours in spring, summer, autumn and winter respectively. The average temperature is 15, 27, 18 and 5^0^C in spring, summer, autumn and winter respectively.

In addition, a total of 1,076 healthy age frequency matched women who underwent routine healthy examination were randomly selected from the same hospital during the same period of time. With the ratio of 4 controls per cases, assuming equal probability of birth season among controls and 60% of cases born in the winter and autumn seasons, 277 cases and 1076 controls will provide at least 80% power with significance level of 0.05.

Determination of serum levels of melatonin
------------------------------------------

The serum levels of melatonin in women with ovarian cancer and healthy women were measured colorimetrically using a Melatonin ELISA kit (GenWay Biotech Inc, USA; Assay sensitivity is 1.6pg/ml; intra-assay coefficient of variation is 3.0-11.4% and inter-assay coefficient of variation is 6.4-19.3%) following the manufacturer\'s instructions.

Statistical analysis
--------------------

All data were presented as median and range. The statistical differences in the serum levels of melatonin between women with ovarian cancer and control were analysed by the Mann-Whitney Test using Prism software package. The association of ovarian cancer and season of birth was analysed with a Chi-square test using SAS software version 9.4 (SAS Institute Inc., Cary, NC, USA) with *p* \<0.05 being considered as statistically significant.

Results
=======

The serum levels of melatonin were significantly reduced in women with ovarian cancer
-------------------------------------------------------------------------------------

In order to investigate whether melatonin is involved in the development of ovarian cancer, the serum levels of melatonin in women with ovarian cancer (n=96) were measured. The circulating levels of melatonin were significantly lower in women with ovarian cancer (41.8pg/ml ranging from 1.52 to 223.2pg/ml) compared with healthy women (82.4 pg/ml ranging from 9.7-241.5pg/ml) (Figure [1](#F1){ref-type="fig"}, p=0.0001, Mann-Whitney).

We also analysed the difference in the serum levels of melatonin in patients between perimenopause (n= 49) and post-menopause (n=47). Interestingly we found there was no significant difference in the levels of melatonin between perimenopausal patients (44.6pg/ml, range from 1.54 to 223.1pg/ml) and postmenopausal patients (37.4pg/ml, ranging from 9.3 to 202.2pg/ml) (Figure [2](#F2){ref-type="fig"}, p=0.274). In addition, we also found that there was no correlation between the serum levels of melatonin and estrogen levels in postmenopausal women with ovarian cancer (r=-0.015, p=0.932).

We then analysed the difference in the serum levels of melatonin in patients with (n=59) or without peritoneal metastasis (n=37). We found that there was also no difference in the levels of melatonin between patients with metastasis (43.6pg/ml, ranging from 9.3 to 202.2pg/ml) and patients without metastasis (35.8pg/ml, ranging from 1.54 to 223.1pg/ml) (Figure [3](#F3){ref-type="fig"}, p=0.356).

The incidence of developing ovarian cancer is not associated with season of birth
---------------------------------------------------------------------------------

We then analysed the association between the incidence of developing ovarian cancer and season of birth. The total number of women with ovarian cancer was 277 between 2008 and 2014 and there was no statistical difference in seasonal distribution between ovarian cancer patients and the control group (n=1,076) (Table [2](#T2){ref-type="table"}, p=0.136).

We then analysed whether the reduction in serum melatonin levels in women with ovarian cancer was associated with the season of birth (Table [3](#T3){ref-type="table"}). Multiple liner regression analysis shows that although there was a significant difference in the circulating levels of melatonin between healthy women and women with ovarian cancer, the effect of season of birth in serum levels of melatonin in both healthy women and women with ovarian cancer was not significant (p=0.60). Further analysis investigated the interaction effect of patient/control and season of birth. The result shows the interaction effect was not statistically significant(p=0.71), suggesting there is no significant season of birth effect in the circulating levels of melatonin in both patients and controls, and the effect of ovarian cancer on melatonin level is the same across different seasons of birth.

Discussion
==========

Ovarian cancer is the third most common gynaecological cancer and the leading cause of death in gynaecological cancers worldwide. Although the pathogenesis of ovarian cancer is not clear, a number of studies proposed that night shift work is associated with the increased risk of developing gynaecological cancers including breast cancer [@B5] and endometrial cancer [@B6]. One of the mechanisms of this association may be the lower melatonin production by pineal gland. Melatonin is secreted in a circadian pattern which is dependent on the length of darkness at night. Exposure to light at night reduced melatonin secretion. The reduction of serum levels of melatonin was seen in women with endometrial cancer [@B19].

Although night shift work does not appear to be associated with the increased risk of developing ovarian cancer, the association between melatonin and the risk of developing ovarian cancer has been suggested [@B20]. This prompted us to investigate whether the circulating levels of melatonin are associated with the pathogenesis of ovarian cancer. In our current study, our data shows that the circulating levels of melatonin were significantly lower in women with ovarian cancer compared to healthy women, regardless the classification of ovarian cancer. Melatonin is also produced by ovaries that regulate the function of the ovaries, in addition to the pineal gland [@B9], [@B10], and the reduction of melatonin levels impacts ovary morphology [@B16]. Supplementation of melatonin reduces incidence of ovarian cancer in ethanol-deprived rats [@B21]. Treatment with melatonin is also found to have additive effects on metastatic breast cancer in the combination with chemotherapy [@B22]. Therefore our data may further suggest that melatonin is involved in the development of ovarian cancer. Recently strong evidence suggested that melatonin contributes cancer prevention through its action of anti-oxidative stress and anti-angiogenic activities (reviewed in [@B13]). The anti-oxidative effects of melatonin have been suggested to be more pronounced in hormone-dependent cancers such as breast and ovarian cancer [@B11]. When the secretion of melatonin is suppressed, the cancer cells become more active. These studies suggested that melatonin is a modifier of cancer progression, in particular in hormone related cancers including ovarian cancer although our current data show that there is no significant difference in melatonin levels between patients with and patients without peritoneal metastasis.

In addition to anti-oxidative stress and anti-angiogenic activities by melatonin, melatonin also affects the secretion of estrogen. Ovarian cancer is a hormone related cancer and the increased estrogen level is involved in the development of ovarian cancer [@B23]. Exposure to light at night disrupts the natural melatonin-estrogen balance, resulting in less melatonin secretion than there should be, and more estrogen release. The net effect is a heightened risk of estrogen-sensitive tumors, such as breast cancer and ovarian cancer. A study has suggested that the reduction of circulating levels of melatonin is correlated with the development of endometrial cancer regardless of the status of menopause [@B19]. In our current study our data also show that there is no significant difference in the levels of melatonin in perimenopausal women and postmenopaual women. We also found that there is no correlation between the circulating levels of melatonin and estrogen in postmenopaual women with ovarian cancer.

There is growing evidence suggesting adult\'s life expectancy may be affected by season of birth [@B24], [@B25]. Season of birth may be an important environment factor to be associated with a number of diseases including gynaecological cancers [@B7] [@B26]. Thus, season of birth appears to be linked to morbidity and mortality in adults\' life later. However, the mechanism of this association is unknown. Environmental factors such as circadian rhythm may be involved in this association. Therefore in this study we investigated whether the changes in melatonin level in circulation can explain the association between season of birth and cancers. The secretion of melatonin is suppressed in summer which has longer day length and this may result in an increased risk of developing gynaecological cancers [@B7]. In addition, increasing circulation levels of melatonin is associated with light exposure at birth [@B27]. In this current study we examined the association between the incidence of ovarian cancer and season of birth in the period of 7 years. With 277 women with ovarian cancer, however our data show that there is no association between the incidence of ovarian cancer and season of birth. We further found that the serum melatonin levels in women with ovarian cancer at diagnosis are not subject to the season of birth, although one study indicated that the secretion of melatonin is higher in winter and lower in summer than any other season in a healthy population [@B28]. This could be due to the difference in sample size.

There are some limitations in this study. The melatonin level was measured after ovarian cancer was diagnosed so that we do not know whether these women had lower melatonin before ovarian cancer was diagnosed. Whether the reduced level of melatonin is a causative or reflective response to ovarian cancer is unknown. However, treatment with melatonin reduced the incidence of ovarian adenocarcinomas in ethanol deprived rats [@B21] suggesting melatonin is likely to be involved in the development of ovarian cancer. In addition, because Wuxi Maternity and Children Health Hospital is a referral hospital, all the patients may not be born in Wuxi. Climate and daylight hours are variable between different regions. Ideally, the time for blood sample collection should be at night time without exposure to light conditions because previous studies suggested that morning melatonin levels (between 7 to 9 am) were five times higher than samples collected in the afternoon [@B28], [@B29].

In conclusion, we demonstrate a reduction of melatonin levels in women with ovarian cancer at diagnosis. There is no association between the incidence of ovarian cancer and season of birth, and melatonin level in women with ovarian cancer at diagnosis is not subject to season of birth. Future prospective studies are needed to confirm our findings in this study.

This study was supported by Chinese National Nature Sciences Foundation (Grant No. 81072130 to JX Ding). Authors would also like to thank all the patients who donated their blood for this study. Authors also would like to thank Victoria Rutten, from The University of Auckland for editing this manuscript.

Disclosures
===========

None of the authors have a conflict of interest.

![The serum levels of melatonin were significantly reduced in women with ovarian cancer at diagnosis compared to healthy women (p=0.001).](jcav07p0831g001){#F1}

![The serum levels of melatonin were not different between perimenopausal women with ovarian cancer and postmenopausal women with ovarian cancer (p=0.274).](jcav07p0831g002){#F2}

![The serum levels of melatonin were not different between ovarian cancer patients with peritoneal metastasis and without peritoneal metastasis (p=0.356).](jcav07p0831g003){#F3}

###### 

Summary of clinical characteristics of women with ovarian cancer.

                                          Women with Ovarian cancer (N=96)
  --------------------------------------- ----------------------------------
  Median age (years old, range)           48 (18-87)
  With peritoneal metastasis              59 (61.5%)
  Without peritoneal metastasis           37 (38.5%)
  Perimenopause                           49 (50.1%)
  Post-menopause                          47 (49.9%)
  Histology                               
  Epithelial ovarian cancer (number, %)   59 (61.4%)
  Sex cord stromal (number, %)            28 (29.1%)
  Germ cell tumor (number, %)             9 (9.5%)

###### 

The analysis of season of birth in women with ovarian cancer between 2008 and 2014.

                       Ovarian cancer patients (n=277)   Controls (n=1,076)   Total          Chi-square test P value
  -------------------- --------------------------------- -------------------- -------------- -------------------------
  Season                                                                                     0.136
  Spring (number, %)   63 (22.74%)                       237 (22.03%)         300 (22.17%)   
  Summer (number, %)   53 (19.13%)                       272 (25.28%)         325 (24.02%)   
  Autumn (number, %)   88 (31.77%)                       332 (30.86%)         420 (31.04%)   
  Winter (number, %)   73 (26.35%)                       235 (21.84%)         308 (22.76%)   

###### 

Circulating levels of melatonin (pg/ml) in women with ovarian cancer and controls by season of birth (median, range).

           Women with ovarian cancer at diagnosis (n=96)   Controls (n=40)
  -------- ----------------------------------------------- -----------------
  Spring   43.3 (9.9-223.1)                                78.4 (52-150)
  Summer   40.8 (15.1-120.1)                               75.4 (93.7-241)
  Autumn   42.4 (1.5-159.9)                                84.7 (26.3-220)
  Winter   41.8 (9.3-75.2)                                 83.9 (23.6-168)
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